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© Ink-jet recording medium and ink-jet recording method making use of It 

® A recording medium for ink-jet recording has an ink-receiving layer comprising spherical basic magnesium 
carbonate, amorphous magnesium carbonate or a mixture of aluminum oxide and basic magnesium carbonate. 
The recording medium promises a good storage stability of recorded images, i.e. less deteriorate due to indoor 
color changes, together with a high image density. 
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INK-JET RECORDING MEDIUM AND INK-JET RECORDING METHOD MAKING USE OF IT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

s The present invention relates to an ink-jet recording medium that can be suitably used in an ink-jet 
recording method. More particularly it relates to a recording medium having a superior ab and 
color-forming performance for a Wbased ink. and also capable of achievng a superior storage staMty 
of recorded images obtained. It also relates to an ink-jet recording method making use of such a medium. 

io Related Background Art 

Hitherto known recording mediums used for ink-jet recording include; 

(1) those comprising an ordinary paper mainly composed of pulp, so made as to have a low degree of 



sizing as in filter paper or blotting paper; and , anri 

(2) those comprising substrate such as an ordinary wood free paper, havtng a low nk absomto and 
an inkibsorbing layer provided thereon using a porous inorganic pigment, as d,sclosed m Japanese 

TZ VSZZE^Stt -lor image wi* a high gu^ty .eve, and a high^on 
there is a demand for a particularly good image storage stability. Because of such a demand, methods of 
. ZX> £E£ to'tne fadlnTof images due to sunHght vlslbte ^^^^) 
the art (see. for example. Japanese Patent Applications La.d-open No 60-49990 and 

Recently, however, the problem of indoor color changes of recorded images have been flighted as a 

Pf0b r nitherto guesfioned is a pmbtom of the fading of images that Is caus* 

conflict with each other, and this problem has not been solved by any pnor art 
45 SUMMARY OF THE INVENTION 
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density. 

The above objects can be achieved by the present invention described below. 
As a first embodiment, the present invention provides a recording medium comprising a spherical basic 
magnesium carbonate. 

In a preferred embodiment of the first embodiment, the present invention provides a recording medium 
comprising a substrate with liquid absorption properties and. provided on said substrate, an ink-receiving 
layer containing a spherical basic magnesium carbonate. 

As a second embodiment the present invention provides a recording medium comprising an amor- 
phous magnesium carbonate. 

In a preferred embodiment of the second embodiment the present invention provides a recordino 
medium composing a substrate with liquid absorption properties and. provided on said substrate, an ink- 
receiving layer containing an amorphous magnesium carbonate. 

As a third embodiment the present invention provides a recording medium comprising an aluminum 
oxide and a basic magnesium carbonate which are contained in a proportion of the former/the latter = 1/5 

75 10 Of i . 

In a preferred embodiment of the third embodiment, the present invention provides a recording medium 

IfT™? * SUl>Str ? Wi,h Kquid abSOrption properties and ' P f0vided 00 «*» subs *ate. an ink-receiving 
f H a ' Um,num oxide and a basic magnesium carbonate which are contained in a proportion 
of the former/the latter = 1/5 to 3/1. 

r^^JZlT inVSnti0n alS ° pr0vidos 30 ink -'' et recordin 9 metnod comprising imparting ink droplets to a 
recording medium comprising a spherical basic magnesium carbonate. 

As another embodiment of the method, the present invention provides an ink-jet recording method 

° 0m rnS IT m9 "J dr0pl9tS t0 3 reCOrdins medium Wsing an amorphous magnesium carbonate. 

as still another embodiment of the method, the present invention provides an ink-jet recording method 
compnsing .mpartmg ink droplets to a recording medium comprising an aluminum ox^^d a bSc 
magnesium carbonate which are contained in a proportion of the former/the latter = 1/5 to 3/1. 

BRIEF DESCRIPTION OF THE ORAWINGS 

h^rSfJnl^ 1B J! H 9 * 3A 38 m microsco Pa Photographs to show particle forms of spherical 
basic magnesium carbonates used in the present invention. 

Fig. 4 schematically illustrates an apparatus for measuring the velocity of ink penetration. 

a «™5nn !« l ° * 0W **" "P"*™*™ 'anges measured on recording mediums 

according to Examples 17 and 20 and Comparative Example 6. 

DESCRIPTION QF THE PREFERRED EMBODIMENTS 

im ^rf oL t0 7 h !! J" 8 1566,1 foUnd by Present inventors ' 0,6 ind00r ranges of recorded 
.mages are considered due to ox.dative destruction of a dye. !t is presumed that the dye is captured at the 

3 feC °f nQ m6diUm - "* * 6 0336 ° f 8 Paper on which an image is formed, the 
SSZZfSX'"?™ " . CaUS6d 3t 3 hi9h6f Pr ° b3bili,y Wltn 80 increase in 1,16 surf ace area of 

Ind ES£ nd'" th9 1 coa V 3yer ' ' 6 - Wh3t iS r6ferred 10 as 30 in ^«»Mng layer in the present invention, 
and hence the indoor color changes proceed to that extent 

rJZSZVTT": 3 conventional ™ meni with 3 small specific surface area is used, the adsorption 
capacity for a dye becomes insufficient and consequently a less quantity of dye is captured in the vicinity 
no s lm^TJT r 4 '"Reiving layer, so that no image with a high density can be formed. Besides, 
no sufficient color forming performance of the dye can be obtained and also the color can be reproduced 
only in a narrow range, so that no sharp image can be obtained. 

*k J! 8 - 3 / 65 "' 1 ?' im u 6nSiV6 StUd ' eS b3Sed 0n Such a Rndin 9' *™ P fesent inv9nt0rs h ave discovered that the 

STa ^JSZSX ^ b ! , PreV6nt6d " ,d 3lS ° 30 ima98 With 3 W9h dena > «" 158 ob,ained 
1 1 1 J embodiment the recording medium comprises a spherical basic magnesium carbonate, ii) as a 

th^mhT 5 T 1,16 r6COrding medium com P ris «s an amorphous magnesium carbonate, and iii) as a 
Sr Ta^S 5 6V6n ' n 30 in$,anCe in WhiCh 3 ma 9nesium carbonate (a basic magnesium carbonate) 
other man the above specfic magnesium carbonates (i.e.. the spherical magnesium carbonate and the 
amorphous magnesium carbonate) is used, the recording medium comprises, in particular, the basic 

nZnfT C f X T B ^ *" ZlUmimm ^ WhiCh ** USed in ^'nation in a specific mixing ratio. The 
present invention has been thus accomplished. 

The above respective embodiments of the present invention will be described below in detail. 
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First, reference will be made to the above first embodiment. In the present embodiment it has been 
discovered that even a pigment with a small specific surface area can give a sufficient image density when 
the ink-receiving layer is formed using a spherical basic magnesium carbonate. The mechanism for the 
operational effect attributable to this spherical basic magnesium carbonate has not been made sufficiently 

5 clear, but can be presumed as follows: In a basic magnesium carbonate, a dye adsorption quantity per unit 
area is larger than, for example, in silica. At the same time, the agglomeration of a basic magnesium 
carbonate in a spherical form brings about a dense state of packing when a coat layer is formed, compared 
with usual basic magnesium carbonates agglomerated in a plate form or column form. Hence, the dye is 
captured at the part nearer to the surface of the coat layer when compared based on the same velocity of 

io ink penetration. In other words, it is presumed that in the case of the spherical basic magnesium carbonate 
an activated surface is more effectively used than in the case of the basic magnesium carbonates having 
other forms. 

The above first embodiment of the present invention will be more detailed below by giving preferred 
embodiments. 

75 The spherical basic magnesium carbonate in the present embodiment refers to the basic magnesium 
carbonate having the form as having been disclosed in Japanese Patent Applications Laid-open No. 60- 
54915, No. 61-63526 and No. 63*89413. Methods of preparing it are not limited to those disclosed in these 
publications. 

The "spherical ." in the present embodiment pertains to the form of agglomerated particles of primary 
20 particles, and may not necessarily be in the form of a perfect sphere. As a preferred spherical form, the 
particle may be spherical in the range of 0.7 s b/a s 1 .0 when its major axis is represented by a and its 
minor axis by b. As examples of the spherical form. Figs. 1A and IB show electron micrographs. 

When, however, reaction conditions are varied in order to control the particle diameter, specific surface 
area, oil absorption and other pigment properties in the manufacture of such a spherical basic magnesium 
j& carbonate, the particles are not necessarily produced in the form as shown in Rgs. 1A and 1B. For 
example, some of them are produced in the form in which part of a sphere has broken off as shown in Rgs. 
2A and 2B, or in the form in which they have agglomerated like petals as shown in Figs. 3A and 3B. In the 
present embodiment, an agglomerate is also included in the "spherical" if the part broken off as shown in 
Rgs. 1 A and IB is not more than a quarter (1/4) of the volume of the one assumed to have a spherical 
ao form. 

In an instance in which the particles that form the agglomerated structure as shown in Rgs. 3A and 3B 
are relatively so large that the irregularities may become remarkable when the particles having protruded to 
the outermost side of a spherical body are connected, the line along its outermost periphery is taken in 
such a manner that the values of a and b become largest if a round form or an elliptical form within the 

3S tolerance of the above b/a is applied. This applies not only to those having the form as shown in Rgs. 3A 
and 3B but also to those having the form as shown in Rgs. 2A and 2B. 

In the present embodiment, a material is called the spherical basic magnesium carbonate so long as 
the spherical particles as described above comprise 85 % of the whole particles. In an instance in which 
agglomerated particles look (ike those having adhered each other, they are counted as one agglomerated 

40 particle if at least a semicircle of the outline of the particle can be, recognized. 

In the present embodiment, in which the spherical basic magnesium carbonate as described above is 
used, the invention can be more effective when the velocity of ink penetration is adjusted to not less than 
10 nl/mm 2 *sec and not more than 60 nl/mm 2 *sec. 

Herein the velocity of ink penetration refers to the quantity on the basis of which the penetration is 

45 evaluated by examining what second is taken after a given quantity of ink has been shot in per unit area 
and before the ink fixes. In the present embodiment, the velocity of ink penetration is examined using an 
apparatus as shown in Fig. 4 in which a bar 1 is provided in such a manner that a load of about 100 g/cm 2 
is applied to the surface of a recorded image, and a recording medium 2 transported in the direction of an 
arrow after 0.5 second from the shot of ink is so set as to pass the bar 1. The ink penetration is visually 

so judged by examining whether or not the image having passed the bar runs because of its rubbing against 
the bar (in the drawing, the numeral 3 denotes an ink-jet head, and 4, rollers). Assume that the ink is shot in 
the medium in a quantity of 20 nl/mm 2, sec which is a limit at which the image runs when rubbed after 0.5 
second, the velocity of ink penetration at this time can be given as 20 (nl/mm^secyO.Sfsec) = 40 
nl/mm 2 *sec. 

55 As the reason why the effect of the present invention becomes more remarkable when the velocity of 
ink penetration is set to the above velocity of not less than 10 nl/mm 2 *sec and not more than 60 
ni/mm 2# sec, the effect is presumed to be attributable to the dynamic dye adsorption or receptivity. 

The ink^receiving layer of the ink-jet recording medium of the present embodiment is comprised of the- 

4 
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spherical basic magnesium carbonate described above, a binder, and other additives. 

The spherical basic magnesium carbonate should have an average particle diameter of from 0.5 /tm to 
20 (tm t and preferably from 1 >*m to 12 /im. An excessively fine particle diameter may result In a lowering of 
ink absorption, and on the other hand an excessively large particle diameter may cause dusting, undesir- 
s ably. 

Herein the particle diameter corresponds to the value of the major axis a previously described. The 
average particle diameter is given as a simple average obtained when the a's of not less than one hundred 
particles observed using an electron microscope are measured. The spherical basic magnesium carbonate 
may preferably have a particle size distribution such that the number of particles with a particle diameter of 
10 25 fim or less comprises 95 % or more of the whole number. More preferably the number of particles with 
a particle diameter of 15 or less should comprise 95 % or more of the whole number, and most 
preferably the number of particles with a particle diameter of 10 ^m or less should comprise 95 % or more 
of the whole number. 

An excessively large number of particles having an excessively large particle diameter is not preferred 
is since the dispersibility of particles is lowered to form large agglomerates when a slurry is prepared, bringing 
about an ill influence on the coating suitability or the print suitability. 

The specific surface area is a value obtained by the BET method. It is particularly preferred to use a 
spherical basic magnesium carbonate with a specific surface area of not less than 10 m 2 /g and not more 
than 170 m 2 /g. The one with an excessively small specific surface area can not give a high image density. 
20 On the other hand, an excessively large specific surface area may result in a lowering of indoor color 
change resistance. 

In the present embodiment, other inorganic pigments or organic pigments conventionally commonly 
used may also be used in addition to the above spherical basic magnesium carbonate so long as the 
achievement of the object of the present invention may not be hindered. 
. as The second embodiment of the present invention will be described below in detail. 

The second embodiment of the present invention is entirely the same as the first embodiment 
described above, except that an amorphous magnesium carbonate is used in place of the spherical basic 
magnesium carbonate. More specifically, in the present embodiment, it has been discovered that even a 
pigment with a small specific surface area can give a sufficient image density when the ink-receiving layer 
jo is formed using an amorphous magnesium carbonate. The action of this amorphous magnesium carbonate 
has not been made sufficiently clear, but can be presumed as follows: In an amorphous magnesium 
carbonate, a dye adsorption quantity per unit area is larger than, for example, in silica. At the same time, 
use of the amorphous magnesium carbonate brings about a dense state of packing when a coat layer is 
formed, compared with usual basic magnesium carbonates agglomerated In a plate form or column form. 
35 Hence, the dye is captured at the part nearer to the surface of the coat layer when compared based on the 
same velocity of ink penetration. In other words, it is presumed that in the case of the amorphous 
magnesium carbonate an active surface is more effectively used than in the case of the magnesium 
carbonates having other forms. 

The above second embodiment of the present invention will be more detailed below by giving preferred 
40 embodiments. 

The amorphous magnesium carbonate in the present embodiment refers to the magnesium carbonate 
obtained by the method disclosed in, for example, Japanese Patent Application Laid-open No. 54-57000. It 
has an average particle diameter of from 0.5 ^m to 20 ^m, and preferably from 0.5 to 10 fia\. An 
excessively large particle diameter may cause the problem of dusting, and on the other hand an 

45 excessively small particle diameter may result in a lowering of ink absorption, undesirably. The average 
particle diameter is a value obtained by the Coulter counter method, and refers to the particle diameter that 
comes to be 50 % in terms of a cumulative value of number distribution. 

The specific surface area is a value obtained by the BET method. It is particularly preferred to use an 
amorphous magnesium carbonate with a specific surface area of not less than 10 m 2 /g and not more than 

so 170 m 2 /g. The one with an excessively small specific surface area can not give a high image density. On 
the other hand, an excessively large specific surface area may result in a lowering of indoor color change 
resistance. 

The amorphous magnesium carbonate used in the present embodiment has a smaller BET specific 
surface area than inorganic pigments such as silica usually used in ink-jet recording mediums. However, the 
55 specific surface area that can effectively act is considered larger than that of silica or the like. Most of silica 
commonly have a BET specific surface area in a high value and hence bring about a high image density, 
but inversely tend to result in a poor indoor color change resistance. 

In the present embodiment, other inorganic pigments or organic pigments conventionally commonly 
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are present in a percentage of less than 5 %. 

The third embodiment of the present invention will be described below. 

The third embodiment of the present invention is an embodiment in which a magnesium carbonate 
other than the spherical basic magnesium carbonate and the amorphous magnesium carbonate in the first 
s and second embodiments may be used. 

. More specifically, according to the present embodiment the recording medium comprises aluminum 
oxide particles and basic magnesium carbonate particles which are contained in a weight ratio of the former 
to the latter, ranging from 1/5 to 3/1. 

The present inventors have discovered that when these pigments are incorporated into the recording 
to medium in a specific ratio it is possible to obtain a cooperative effect that can not be expected from the 
combination of the properties possessed by each pigment. 

The third embodiment of the present invention will be more detailed below by giving preferred 
embodiments. 

The aluminum oxide particles used in the present embodiment may preferably have a BET specific 

75 surface area of from 40 m 2 /g to 200 m 2 /g. and more preferably from 60 m 2 /g to 170 m 2 /g. When such a 
pigment is incorporated, the effect of capturing dyes in the surface layer of the ink-receiving layer can be 
improved. Particles with an extremely small specific surface area can bring about no sufficient effect of 
capturing dyes, and on the other hand those with an extremely large specific surface area may make 
serious the problem of indoor color changes. 

20 The above aluminum oxide particles may preferably have an average particle diameter in the range of 
from 1 nm to 10 /im. and more preferably from 0.01 urn to 3 f»m. Use of particles with an excessively large 
average particle diameter may result in an increase in blurs of the dots formed by printing or cause 
feathering to bring about a lowering of the quality level of prints. 

The aluminum oxide particles that can be used in the present embodiment are conventionally known in 

25 the art. and it is possible to use those obtained by a method in which aluminum hydroxide obtained by 
heat-treating bauxite with caustic soda is fired, a method in which aluminum hydroxide obtained by 
subjecting metal aluminum pellets to spark discharging in water is fired, and a method in which aluminum 
chloride is vaporized and then oxidized in a gaseous phase. It is possible to use those having any crystal 
structure of e*form, T-form, Morm, irform, 0-form or the like, which can be obtained depending on 

oo conditions for heat treatment 

The aluminum oxide particles have the properties that they can impart a sufficient color-forming 
performance of dyes even though they are particles having a small specific surface area, compared with 
silica, calcium carbonate, kaolin, etc., which have been conventionally used as loading materials for paper. 
This is presumably due to the following: The aluminum oxide particles have cationic surfaces, different 

as from other particles, and hence can ionically adsorb a dye having an acidic functional group, so that the 
ability of adsorbing dyes per unit surface area can be high. 

The aluminum oxide particles can obtain a sufficient color-forming performance of dyes even though 
they have a relatively small specific surface area as described above. Hence, the indoor color change 
resistance of the recording medium mating use of sucn aluminum oxiae particles is greatly more improved 

40 than those making use of conventional silica type pigments, to the extent that the pigment with a small 
specific surface area is used. 

Problems that may arise when such aluminum oxide particles are used are that the ink absorption 
becomes short because of a low water absorption inherent in the particles themselves and also that, even 
though more improved than silica types, the indoor color change resistance is still insufficient compared 

45 with other recording mediums. 

To describe next the basic magnesium carbonate used in the present embodiment, it may preferably 
have a BET specific surface area in the range of from 10 m 2 /g to 170 rrrVg. When such a pigment is 
incorporated, it is possible to impart a superior effect of suppressing indoor color changes. Particles with an 
extremely large specific surface area can not bring about a sufficient effect of suppressing indoor color 

so changes. On the other hand, those with an extremely small specific surface area may result in an 
insufficiency in the effect of capturing dyes even if used in combination with the above aluminum oxide 
particles. 

The basic magnesium carbonate may preferably have an average particle diameter in the range of from 
1 fitn to 20 fim t and more preferably from 1 /tm to 8 P m. Use of particles with an excessively large average 
55 particle diameter may result in an increase in blurs of the dots formed by printing or cause feathering to 
bring about a lowering of the quality level of prints. 

The basic magnesium carbonate particles used in the present embodiment are conventionally known in 
the art. In usual instances, they can be obtained by, for example, dispersing magnesium oxide in water with 
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stirring to form magnesium hydroxide, and thereafter blowing carbonic acid gas into the slurry to make it 
into a carbonate. It is possible In the present embodiment to use not only a product completed into a 100 % 
carbonate but also a product partially containing magnesium oxide or magnesium hydroxide. 

The basic magnesium carbonate particles can also give an image with a high density even though they 
s are particles having a small specific surface area, compared with conventional silica, calcium carbonate, 
kaolin, eta commonly used as loading materials for paper. 

This is presumably due to the fact that the basic magnesium carbonate particles are basic and hence 
the ability of adsorbing dyes per unit surface area can be high. 

Additional features obtainable when the basic magnesium carbonate particles are used are that an 
io outstanding suppressive effect can be obtained in regard to the indoor color changes of images, compared 
with other inorganic pigments of a silica type, an alumina type, etc. having substantially the same specific 
surface area, and also that the particles have a special form like petals and hence have superior water 
absorption properties. 

Although the mechanism by which the indoor color change suppressive effect is superior to that of 
is other pigments when the basic magnesium carbonate particles are used is unclear. It has become possible 
even in recorded images obtained using an ink-jet recording method to give an image fastness comparable 
to that of ordinary printing especially when the basic magnesium carbonate particles are used in the ink- 
receiving layer. 

As a problem that may arise when the basic magnesium carbonate particles are used, there is the 

20 problem that the color-forming performance of dyes is still unsatisfactory and the chroma may be lowered 
especially when the ink is adhered in a large quantity. 

The recording medium of the present embodiment is characterized in that the above aluminum oxide 
particles and the basic magnesium carbonate particles are contained in a proportion of 1/5 to 3/1 in weight 
ratio. When they are contained in the proportion of this range, there is no difference in the indoor color 
-25 change suppressive effect from the case when the basic magnesium carbonate particles are used alone, in 
spite of the employment of the aluminum oxide particles. In addition, it is also possible to dramatically settle 
the problem of lowering chroma, inherently involved in trace-amount coated paper making use of basic 
magnesium carbonate particles. There also occurs no deficiency in ink absorption that may be caused by 
the aluminum oxide particles or the problem of bleading or feathering ascribable thereto. 

30 If the aluminum oxide particles are contained in an amount exceeding the above range, the effect of 
suppressing indoor color changes become insufficient although the color-forming performance of dyes can 
be excellent. If the basic magnesium carbonate particles are in an excessively large amount it is impossible 
to obtain an image with a sufficient density and chroma. 

In the recording medium of the present embodiment the ink-receiving layer is mainly formed of 

35 pigments and a binder. As the pigments that constitute the ink-receiving layer, it is possible to also use, in 
addition to the aluminum oxide particles and basic magnesium carbonate particles described above, other 
inorganic pigment or organic pigment hitherto commonly used, so long as rt is within the range of not 
exceeding 40 % by weight, and more preferably within the range of not exceeding 20 % by weight, based 
on the total weight of the pigments constituting the ink-receiving layer. 

<o Other constituents of the recording medium of the present invention according to any of the first to third 
embodiments described above will be described below. Except those described above, the constituents of 
the recording medium of the present invention may be all common to the recording mediums according to 
the first to third embodiments. 

In the first place, the recording medium of the present invention may have a substrate, which is not an 

45 essential component. In other words, the ink-receiving layer itself may function as a support In a preferred 
embodiment, however, the recording medium of the present invention is comprised of a substrate and an 
ink-receiving layer provided on the substrate. The substrate may preferably comprise a base paper capable 
of absorbing an ink, but may not be particularly limited to this. For example, a polymeric film made of 
polyester or the like, glass, a metallic sheet or plate, a wood board, etc. may also be used. 

50 The binder that can be used in the present invention may include, for example, conventionally known 
water-soluble polymers such as polyvinyl alcohol, starch, oxidized starch, cationized starch, casein, 
carboxymethyl cellulose, gelatin, and hydroxyethyl cellulose, and water-dispersed polymers such as SBR 
latex and polyvinyl acetate emulsion, which may be used alone or in combination of two or more kinds. 
In the present invention, the pigment and the binder may preferably be used in a proportion of the 

55 pigment to the binder (P/B). ranging from 10/1 to 1/4. and more preferably from 6/1 to 1/1 . Use of the binder 
in an extremely large amount results in a lowering of the ink absorption properties possessed by the ink- 
receiving layer. On the other hand, use of the pigment in an extremely large amount may cause serious 
dusting of the ink-receiving layer. Thus these are undesirable. 
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Pigml'in? S^H? 'cS^l? Pr6Sent inVenti ° n ' 30 BqUe0US "**» •» 
.. °* er addrt,ves - as Previously described, is applied to the surface of the 

^rri^^ - i Cheated 

receiving ^ ZS5jS£ XE^SSET * ^ ^ * *° * 

anri n^S 8 "! W9i9 , ht deceiving 'ayer may be in the range of from 0.2 g/m* to 50 a/m* 

sub s ;rmaXTxo2s 2 J^ V° ^ ^ W ^ ht is sma «- P« of HZZTfL 

SrrJE222?, !*~*0 'ayer with a pigment coating weight of less than 0.2 g/m* may 

TrZZTC^ sssrs est ; dyas ' even ^ compared with a ° ^ * *** » 

more San SO 25 Lv ~ ! ? V ^ hand> a " ******* *V*< with a pigment coating weight of 
in^rZL £ T « y U$e duSt,ng 0f me roat ,aver ' "desirably. When the coating weight is expressed 
* WSi9ht ° f Pj9mem ^ P"*** 56 in Such a that mfy giv'e a 2E3 

probably I^JT^T*'* * ^ n0ted "* *• reC0rdind ™ dium mav «**• 

SSISSLS^T^^ T fr0m 10 nW ' SeC t0 60 n ^ 2 ^ec. in order to obta£ 

no ink absnrn 300 n m «!. descnbe d below, in the case when the substrate is comprised of a film havino 
^tTSiKS 1 38 "V 6 ° f 8 P ' aStiC fi ' m ' 819 Ve,0city 0< ink <* net ' ation (Hereinafter often 

" detefmined bV the COmp0nentS ' and theiV PWfc"* - • ~at layer as a 
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The factors that determine the velocity of ink penetration are the oil absorption of a pigment the 
average particle diameter, the particle size distribution (Dav). the pigment coat no ST *e 

^J^ZTr TT 3 T Pape / havi " 9 ink absorption pr6perties ' *• vel0Cit V o f in k penetration in the 
base paper (i.e.. the degree of sizing), the smoothness, and so forth. 

f^TV*? a J?" 9 ' ** ° f ink penetration in *• wording medium is determined by the above 

factors complicated* entangled with each other, and it is difficult to discuss how to find the ranges of each 
value. In fee case when the substrate comprises a base paper having ink absorption properties, the base 
paper tends to most influence the V. and hence it is most preferred to select such a base paper that can 
give an optimum V. according to the degree of sizing of the base paper. When it is necessary to make a 
micro-adjustment on the V. the relation between the following properties and the V may be taken into 
account so that the desired V can be obtained. 

In order to bring the V to a larger value, for example, the oil absorption of the pigment may be 
increased, the particle size distribution may be broadened, the coating weight may be increased or the 
pigment/binder ratio may be enlarged. * " 

As for the ink itself that is used in carrying out ink-jet recording on the recording medium described 
above, any known inks can be used without problems. As to a recording agent, it is possible to use water- 
soluble dyes as typified by direct dyes, acidic dyes, basic dyes, reactive dyes and food dyes, which can be 
used without any particular limitations so long as they are for use in usual ink-jet recording. 

Such water soluble dyes are used in an amount of from about 0.1 to 20 % by weight in conventional 
inks, and may also be used in the same amount in the present invention. 

A solvent used In the water-based ink used in the present invention includes water or a mixed solvent of 
water and a water-soluble organic solvent. Particularly preferred is a mixed solvent of water and a water- 
soluble organic solvent, containing as the water-soluble organic solvent a polyhydric alcohol having the 
effect of preventing the ink from evaporating. 

The method for carrying out recording by imparting the above ink to the recording medium previously 
described may preferably include ink-jet recording methods. Such methods may be of any system so long 
as it is a system that can effectively release an ink from nozzles and impart the ink to a recording medium 
serving as a target. 

In particular, what can be effectively used is the method disclosed in Japanese Patent Application Laid- 
open No. 54-59936. which is an ink-jet recording system in which an ink having received the action of heat 
energy causes an abrupt change in volume and the ink is ejected from nozzles by the force of action 
produced by this change in state. 

The present invention will be described below in greater detail by giving Examples and Comparative 
Examples. In the following. "part(s)" or "%" is by weight unless particularly noted. 

Examples 1 to 6 

To prepare recording mediums according to the present invention, spherical basic magnesium car- 
bonates (A. B) each having the following average particle diameter, maximum particle diameter, specific 
surface area and oil absorptivity were synthesized (Table 1; syntheses were carried out with changes of 
reaction conditions by the same method as disclosed in Japanese Patent Application Laid-open No. 60- 
5491 5). 
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5 Average 

Sample particle Specific Oil 
diameter surface area absorption 

(Um) (m 2 /g) {cc/100g) 

A 8.0 35 130 

B 5.4 45 110 



75 



The maximum particle diameter of the sample A was 15 *m, and that of the sample B was 12.5 /tm. 
Next, the samples A and B and the following substrates I to III as shown In Table 2 were combined to 
prepare recording mediums of the present invention by the procedure described below. 

20 

Table 2 



25 



Substrate Material Basis weight Bristow value 



30 



I PET film 

II paper 
III paper 



(m 2 /g) 



70 
70 



(ml/m 2 ) 



30 
15 



35 



In Table 2. the Bristow value refers to a quantity that represents the quantity of penetration in 0.08 
second of a paper-head contact time, of an ink prepared by dissolving 2 % by weight of a black dye FB-I! 
40 in a mixed solvent comprising water containing 20 % of diethyiene glycol. These values were measured in 
a manner similar to the method described in JTAPPI Paper Pulp Test Method No. 51. 

The recording mediums were prepared in the following way: 
First, 15 parts of spherical basic magnesium carbonate is mixed with 85 parts of water, and the mixture is 
stirred for 15 minutes at 10.000 rpm using a commercially available homogenizer. Thereafter, the resulting 
45 solution and a binder solution (an aqueous 10 % polyvinyl alcohol solution) having been separately 
prepared are mixed so as to give the desired pigment/binder ratio (in terms of solid content), and the 
mixture is stirred for 5 minutes. Thereafter, various additives are optionally added in given amounts, 
followed by stirring for 5 minutes to give a coating solution. 

The coating solution thus obtained was applied using a Mayer bar coater, and the coating formed was 
so dried at 110 C f or 5 minutes, followed by super-calendering. The recording mediums of the present 
invention were thus obtained. 

In all the recording mediums, used as the binder was a material containing polyvinyl alcohols PVA117 
(degree of saponification: 98.5 mol %; degree of polymerization: 1,700) and PVA217 (degree of saponifica- 
tion: 89 mol %; degree of polymerization: 1,700), produced by Kuraray Co., Ltd., in a proportion of 
55 PVA117/PVA217 = #2. 

Table 3 shows together the kind of the spherical basic magnesium carbonate used in the recording 
medium thus obtained, the kind of substrate, the pigment/binder ratio, the coating weight the kind of 
additive, the proportion (%) of the additive to the pigment, and the velocity of ink penetration in the resulting 
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recording mediums. 



Table 3 



70 



15 



20 



25 



Exam- 
ple 


Basic 

MgCO- 
3 


Sub- 
strate 


Pig- 
ment/ 
binder 
ratio 


Coat- 

1 nor 

weight 


nUUX" 

tive(*) 

vs . 
pigment 


Ink 

penetra- 
tion 










(g/m 2 ) 




velocity 
2 

(nl/mm *s) 


1 


A 


i 


2/1 


15 




15 


2 


A 


II 


2/1 


6 




70 


3 


B 


II 


3/1 


6 




56 


4 


B 


II 


2/1 


6 




45 


5 


B 


III 


2/1 


6 




32 


6 


B 


III 


2/1 


6 


* 


25 



30 



<0 



* Polyallylamine hydrochloride produced by Nitto 
Boseki Co., Ltd. (trade name: PAAHC1-3L; 
molecular weight: 10,000; amount: 20 wt.%)^ 

Using an ink having the following composition, ink-jet recording was carried out on the recordino 
mediums of Examples 1 to 6. in a recording ink density of 8 nlW p* single color. 9 

Composition of ink 



45 



Dye 

Diethylene glycol 
Water 



5 parts 
20 parts 
80 parts 



so Dye 

Y: C.I. Direct Yellow 86 

M: C.I. Acid Red 35 

C: C.I. Direct Blue 199 

55 Bk: C.I. Food Black 2 

makfevtlSr ltem8, ^° ^ * (1) Mtjt ** (2) md °° r 5toraBe Stabi!ity were picked u * t0 
.in respect of the image density, reflection density 00 (Bk) at black-solid printed areas was measured 
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using a Macbeth reflection densitometer RD-918. In respect of the indoor storage stability, an environment 
where the open air was well circulated and no direct sunlight streamed was made up in an office, and 
printed materials in black- and cyan-solid as a monochromatic color as well as in red- (yellow + magenta), 
green- (yellow + cyan) and blue- (magenta + cyan) solid as a mixed color were left there to measure color 
s differences (AE") after 1 month and after 3 months using a color analyzer CA-35, manufactured by 
Murakami Shikisal Kenkyusho K.K. Results of measurement are shown in Table 4. 



Table 4 



10 



75 



20 



25 



Exam- After 1 month After 3 months 

pie OD(Bk) Bk/ C / R / G /Bl Bk/ C / R / G /Bl 

1 1.40 3. 0/7. 0/2 .0/4. 5/6. 4 3.5/8.5/3.0/6.0/7.8 

2 1.30 4.0/6.8/1.8/4.1/6.0 5.1/8.9/2.8/6.5/8.4 

3 1.32 2.4/5.4/1.5/2.7/5.0 5.4/9.4/2.5/7.0/8.8 

4 1.37 2.9/6.9/1.8/4.4/6.3 3.8/8.7/2.9/6.3/8.0 

5 1.41 3.2/5.3/2.4/2.9/4.8 4.2/8.4/3.3/6.0/7.9 

6 1.42 2.9/4.9/2.2/2,5/4.5 4.8/9.7/3.0/7.3/9.3 



30 



Color changes are visually recognized when the AE" is about 10. Color changes are little visually 
perceived when the value is less than that 

35 

Comparative Example 1 

As a comparative example, a recording medium was prepared in the same manner as in Example 6 
except that the spherical basic magnesium carbonate was replaced with a P-type magnesium carbonate 
40 (produced by Ube Chemical Industries, Ltd.; acicular crystals; average particle diameter 12.8 ,m; specific 
surface area: 15 m 2 /g; oil absorption: 220 cc/100 g). 

Comparative Example 2 

45 As another comparative example, a recording medium was prepared in the same manner as in Example 
6 except that the spherical basic magnesium carbonate was replaced with a heavy magnesium carbonate 
(produced by Kohnoshima Kagaku K.K.; tabular crystals; average particle diameter: 0.47 „m; specific 
surface area: 27 m 2 /g; oil absorption: 79 cc/100 g). 

Evaluation was made on the above comparative recording mediums in the same manner as in the 

so above Examples, to reveal that the indoor color changes were on substantially the same level as in Example 
6, but the image density was too low to obtain sharp images (see Table 5). 



55 
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Table 5 



Comp. ink 
©x- penetra- 
am- tion 
>Ie veloci ty 

o 

(nl/mm >s) 



1 

2 



40 

27 



rs 



AE* 

nn/B, » after 1 month 
OD(Bk) BW c / R / n /m 



1-10 2.0/5.3/2.2/3.0/4.9 
1-20 3.2/6.2/2.4/4.0/5.9 



20 



-25 



30 



Table 5 (to be continued) 

Comp. " 

ex- AE* 

aw- after 3 months 

Pie Bl c/ C / R / G /Bl 

1 3.5/7.5/3.2/5.0/7.0 

2 4.8/8.0/3.3/5.5/7.5 



Examples 7 to 11 



« IxJ^cT-S?? mMU ? 10 t* 1 * present inrerton. sohertca ba* magnMiunl » 



50 



55 
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Table 6 



5 

Sam- Average particle Specific 





pie 


Manufacturer 


diameter 


surface area 


TO 






(um) 


(m 2 /g) 




C 




10.2 


30 




D 




6.7 


40 


15 


a 


Tokuyama Soda 


1.8 


320 




b 


Sumitomo Chemical 


0.5 


140 



Next, in combination of the above spherical basic magnesium carbonate, the porous inorganic pigment 
and a base paper having a degree of sizing of 3 seconds calculated on the basis of a basis weight of 65 
g/m 2 . recording mediums 7 to 11 of the present invention were prepared by the procedure described 
25 below. 

first, 15 parts of spherical basic magnesium carbonate is mixed with 85 parts of water, and the mixture 
is stirred for 5 minutes at 10,000 rpm using a commercially available homogenizer. Similarly, 10 parts of a 
porous inorganic pigment is mixed with 90 parts of water and the mixture is stirred. 

Thereafter, the resulting solutions and an aqueous binder solution (an aqueous 10 % polyvinyl alcohol 
30 solution) having been separately prepared are mixed so as to give the desired pigment/binder ratio (in 
terms of solid content), and the mixture is stirred for 5 minutes. Thereafter, various additives are optionally 
added in given amounts, followed by stirring for 5 minutes to give a coating solution. 

The coating solution thus obtained was applied using a Mayer bar coater, and the coating formed was 
dried at 110 C for 5 minutes, followed by super-calendering. The recording mediums of the present 
35 invention were thus obtained. 

In ail the recording mediums, used as the binder was a material containing polyvinyl alcohols PVA117 
(degree of saponification: 98.5 moi %; degree of polymerization: 1,700) and PVA217 (degree of saponifica- 
tion: 89 mol %; degree of polymerization: 1,700). produced by Kuraray Co., Ltd., In a proportion of 
PVA117/PVA217 = 8/2. 

40 Table 7 shows together the composition of the pigments used in the recording mediums 7 to 1 1 thus 
obtained, the pigment/binder ratio, the coating weight of the ink-receiving layer, the kind of additive, and the 
proportion (%) of the additive to the pigment. 
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Table 7 



5 


Exam- 
ple 


Composition of 
pigments 


Pig- 
ment/ 
binder 
ratio 


Addi- 
tive(*) 

vs. 
pigment 


Coat- 
ing 

weight 


10 










(g/m 2 ) 


7 


C 6 parts/a 4 parts 


2/1 




15 




8 


C 6 parts/b 4 parts 


' 2/1 




15 


1S 


9 


D 7 parts/a 3 parts 


2/1 




5 




10 


D 7 parts/b 3 parts 


2/1 




5 




11 


D 7 parts/b 3 parts 


3/1 




5 



20 



* Polyamine sulfonate produced by Nitto Boseki 
.25 Co., Ltd. (trade name: PAS-A-120S; molecular 

weight: 10 5 ; amount: 20 wt.%) 

30 Using an ink having the following composition, ink-jet recording was carried out on the recording 
mediums of Examples 7 to 11 , in a recording ink density of 8 nl/mm 2 per single color. 

Composition of ink 



40 



Dye 

Diethylene glycol 
Water 



5 parts 
20 parts 
80 parts 



45 



50 



55 



Dye 

Y: C.I. Direct Yellow 86 
M: C.I. Acid Red 35 
C: C.I. Direct Blue 199 

Bk: C.I. Food Black 2 . . . ^ . 

As evaluation items, two items of (1) image density and (2) indoor storage stability were picked up to 

make evaluation. . 

In respect of the image density, reflection density OD (Bk) at black-solid printed areas was measured 
using a Macbeth reflection densitometer RD-918. In respect of the indoor storage stability, an environment 
where the open air was well circulated and no direct sunlight streamed was made up in an office, and 
printed materials in black- and cyan-solid as a monochromatic color as well as in red- (yellow + magenta), 
green- (yellow + cyan) and blue- (magenta «■ cyan) solid as a mixed color were left there to measure color 
differences (AE") after 1 month and after 3 months using a color analyzer CA-35, manufactured by 
• Murakami Shikisai Kenkyusho K.K. Results of measurement are shown in Table 8. 
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Table 8 



10 



AE* 

Exam- After 1 month 

>le OD(Bk) Bk/ C / R / G /Bl 



AE* 

After 3 months 
Bk/ C / R / G /bi 



rs 



20 



7 


1 .43 


8 


1.40 


9 


1.48 


10 


1.45 


11 


1.45 


12 


1.30 



2.0/8.5/3.8/5.5/8.0 3.5/12.5/6.0/6.8/11.5 

1.8/6.4/2.4/3.8/5.8 2.9/7.8/4.8/6.0/7.3 

2.0/8.2/3.9/5.8/7.8 4.0/13.1/6.2/6.8/11.8 

2.1/5.9/2.5/3.0/5.2 3.0/7.6/4.4/6.0/7.0 

3.0/5.5/2.6/2.8/5.3 2.8/6.4/4.2/5.0/5.8 

3.0/9.0/5.0/6.0/7.0 S 0/13.0/7.0/9. n/m n 



as mixe^rie^ J ° f ^ ^ — areas and 

PvamrM** o , a J achieved a higher resolution, than Examples 7 and 9. 
Examples 8, 10 and 11 showed (ess Indoor color changes than other Examples. 

Comparative Example 3 
35 Example 12 

80. „m; specific surfaTarel 3(S XjT? TkT^ Si ' iCa P " 78 ° (avera " particte dia ™^ 



45 



SO 



55 
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Table 9 



10 



15 



20 



.25 



30 



SO 



Comp. 


AE* 


Exam- 


After 1 month 


ple 


OD(Bk) Bk/ C / R / G /Blue 


3 


1.55 1O.0/20.O/10.O/13.O/19.0 


Table 9 (to be continued) 


Comp 


AE* 


Exam 


After 3 months 


pie 


Bk/ C / R / G /Blue 


3 


25.0/38.0/18.0/24.0/35.0 



Reference Example 

35 (Preparation of amorphous magnesium carbonate) 

Making reference to the disclosure in Japanese Patent Application Laid-open No. 54^7000, an aqueous 
solution of magnesium chloride and sodium carbonate was kept at a temperature of 70 C and stirred for 3 
hours or more to carry out reaction. The reaction product was dried by heating at a temperature of 120 C 

40 for 1 hour or more. A magnesium orthocarbonate was thus synthesized. 

Subsequently, 70 parts of water was added to 30 parts of the above normal magnesium carbonate. 
While the temperature was kept at 60 to 70 # C. the mixture was stirred for 2 hours or more to carry out 
reaction. The reaction product was dried by heating at a temperature of 120 C for 1 hour or more. An 
amorphous magnesium carbonate was thus synthesized, which was designated as Sample E. 

45 The conversion from the normal magnesium carbonate to the amorphous magnesium carbonate was 
confirmed from the results obtained by differential thermel analysis. This amorphous magnesium carbonate 
had a BET specific surface area of 40 m 2 /g and an average particle diameter of 1 ^m. 



Example 13 



Twenty (20) parts of the amorphous magnesium carbonate (Sample E), 80 parts of water and 0.4 part of 
sodium hexametaphosphate were mixed, and dispersed for 30 minutes or more using a power homogerv 
izer. Next, an aqueous solution containing 14 parts (as solid content) of polyvinyl alcohol (PVA117, 
produced by Kuraray Co.. Ltd.) was mixed with the above dispersion of spherical basic magnesium 
55 carbonate, followed by stirring to prepare a coating solution. 

The above coating solution was applied to a commercially available PET film by means of a bar coater 
so as to give a dry coating weight of 20 g/m*. followed by drying to obtain a recording medium of the 
present invention. 
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Example 14 

The coating solution as prepared in Example 13 was applied to a substrate comprising a commercially 
available wood free paper (trade name: Ginwa; produced by Sanyo-Kokusaku Pulp Co., Ltd.) by means of a 
5 bar coater in an amount of 15 g/m 2 as a dry coating weight, followed by drying to give a recording medium 
of the present invention. 

Example 15 

70 A coating solution prepared in the same manner as in Example 13 except that 6 parts in 20 parts of the 
amorphous magnesium carbonate used in Example 12 was replaced with alumina (produced by Sumitomo 
Chemical Co.. Ltd; trad© name: AKP-G; r-alumina; average particle diameter: 0.5 pm; BET specific surface 
area: 140 m 2 /g), was applied to a substrate comprising a commercially available wood free paper (trade 
name: Ginwa: produced by Sanyo-Kokusaku Pulp Co., Ltd.) by means of a bar coater in an amount of 15 

75 g/m 2 as a dry coating weight, followed by drying to give a recording medium of the present invention. 

Example 16 

A recording medium of the present invention was prepared in the same manner as in Example 15 
20 except that 2 parts of a dimethylallylammonium chloride/sulfur dioxide copolymer (trade name: PAS-A-120L; 
produced by Nitto Boseki Co., Ltd.) was further added to the coating solution as used in Example 13. 

Ink-jet recording suitability of the above recording mediums was evaluated by carrying out ink-jet 
recording using an ink-jet printer having ink-jet heads corresponding to 4 colors of Y (yellow), M (magenta), 
C (cyan) and Bk (black), provided with 128 nozzles at intervals of 16 nozzles per 1 mm and capable of 
25 ejecting ink droplets by the action of heat energy, and using an ink having the following composition. 

Composition of ink 

3o Dye 5 parts 



20 parts 
78 parts 



Dye 

40 

Y: C.I. Direct Yellow 86 

M: C.I. Acid Red 35 

C: C.I. Direct Blue 199 

Bk: C.I. Food Black 2 
4$ Evaluation was made on the items show below. 

(1) Image density: 

Black (Bk) image density of solid prints obtained using the above ink-jet printer was measured using a 
so Macbeth reflection densitometer RD-918. 

(2) Indoor storage stability: 

Printed materials were stuck on the outside of a window facing north of an office, and left to stand for 1 
5s month and 3 months. Differences (AE'au) between the chromaticity of images observed immediately after 
printing (before leaving) and the chromaticity of images observed after leaving were found and were used 
as bases for the evaluation of indoor storage stability. Results obtained are shown in Table 10. 

The place at which the prints were stuck were confirmed not to be* exposed to direct sunlight or rain 



Dxethylene glycol 
Water 



19 



10 



IS 



20 



-25 
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throughout the year and also the air was circulated. 

Table 10 



?«« d " 5 mag ® Indoor storaoe stabil ity 
ing density Atter 1 aonth Alter 3 months 



Example: 



13 


1.42 


14 


1.40 


15 


1.45 


16 


1.40 



30 Examples 17 to 20. Comparative Examples 4 to 6 



35 



inn !!, prepared - «** comprising a base paper with a basis weight of 80 g/m* a thickness of 

100 m and a degree of StocWgt sizing of from 0 to 2 seconds, containing caLm «bm as a S„ 
matena. ; n an mount of 7.0 % in terms of the amount of ash content measured accordTng VSSita T 

Coaung solutions havmg the following composition were each applied to the above ?base pane bv bar 
coating so as to give a dry coating weight of 5 g/m*. followed by drying at life fcT? mSes^eco^a 
mediums of the present invention and for making comparison were thus obtained 9 



40 



45 



SO 



55 
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10 



15 



20 



(Composition of coating solution) 

- All in terms of solid content except for 
water - 

Pigment 54 parts 

Polyvinyl alcohol (PVA-117; produced by Kuraray Co., 
Ltd; degree of saponification: 98 %; degree of 
polymerization: 1,700) 36 parts 

Dimethyldiallylammonium chloride/acrylamide copolymer 
(PAS J-41; produced by Nitto Boseki Co., Ltd.) 

10 parts 

Water 1,000 parts 

Pigments used were each obtained by mixing the following particles in the proportion as shown in Table 



25 11. 



30 



35 



40 



45 



50 



55 
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Table 11 



5 






Example 




Comparative Example 




Pigment 


17 


18 19 


20 


4 5 B 


JO 


F 


7 


5 3 


2 


10 8 0 




G 


3 


5 7 


8 


0 2 10 



15 



20 



Pigment F: 



30 



Aluminum oxide particles (finely powdered 
alumina, AKP-G, produced by Sumitomo 
Chemical Co., Ltd.; average particle 
diameter: 0.5 \im; BET specific surface 
area: 137 m 2 /g) 

Basic magnesium carbonate particles {basic 
magnesium carbonate, Type-S, produced by 
Ube Chemical Industries, Ltd.; average 
particle diameter: 16 ]xm; BET specific 
surface area: 46 m 2 /g) 



Pigment G: 



OS 



<0 



reJS! recordin 9 suitebi,it y of the above recording mediums was evaluated by carrying out ink-jet 
recording us.ng an .nk-,et printer having inkiet heads corresponding to 4 colors of Y (yellow) M (maaentaT 

J^\TJ*ITl p T*™* 128 no22,es at interva,s * 18 "^p»i^SS- 

ejecting ,nk droplets by the acfon of heat energy, and using an ink having the following composition 
Composition of ink 



4S 



so 



Dye 

Ethylene glycol 
Diethyiene glycol 
Water 



3 parts 
5 parts 
25 parts 
67 parts 



55 



Dye 



Y: 
M: 
C: 
Bk: 



C.I. Direct Yellow 86 
C.I. Acid Red 35 
C.I. Direct Blue 199 
C.I. Food Black 2 
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Evaluation was made on the items show below. 
(1) Color reproduction range: 

5 .„ 11,9 h "l and Chr0ma °' each of yellow ma 9 enta (M >- ( c > and red ( R ) (color mixture of Y and 
M). green (G) (color mixture of Y and C). blue (B1) (color mixture of M and C of solid prints obtained using 
the above pnnter were measured using a color analyzer CA-35 (manufactured by Murakami Sikisai Kagaku 
Kenkyusho K.K.). Numerical values for M and R are shown in Table 12. 

io (2) Image storage stability: 

Prints obtained in the above (1) were stuck on the outside of a window facing north of an office, and left 
o stand for i month and 3 months. In respect of the solid printed areas of Bk. Y. M and C. differences 
. between t" 0 chromaticity of images observed immediately after printing and the chromaticity of 
images observed after leaving were found and were used as bases for the evaluation of image storage 
stability. Values for Bk and C are shown in Table 12. 

The place at which the printed material were stuck were confirmed not to be exposed to direct sunlight 
or ram throughout the year and also the air was circulated. In regard to Examples 17 and 20 and 
Comparative Example 6. Fig. 5 shows the color reproduction ranges on the chromaticity diagram. 

Examples 21 and 22, Comparative Examples 7 and 8 



is 



20 



25 



Recording med.ums of the present invention and of comparative examples were obtained in the same 
manner as ,n Example 17 except that a commercially available wood free paper (trade name: Ginwa- 
produced by Sanyo-Kokusaku Pulp Co.. Ltd.) was used as the base paper and the ink-receiving layer 
formed on the base paper was made to have a dry coating weight of 15 g/m*. 

The mixing ratios of the above two kinds of pigments were made as follows: 
Example 21: F/G » 7/3 
Example 22: F/G = 2/8 
30 Comparative Example 7: F/G = 10/0 
Comparative Example 8: F/G = 0/10 



35 



40 



45 



SO 



Examples 23 and 24. Comparative Examples 9 and 10 

Recording mediums of the present invention and of comparative examples were obtained in the same 

T^T TJP amP ' e ' 7 6XCept *• pi9ments F «* G were re P |aced witn «» following pigments H 
and! and the mixing ratios were set to be the same as in Examples 21 and 22 and Comparative Examples 

Pigment H: Ultra-finely powdered alumina (trade name: Aerosi! aluminum oxide-C; produced by 
Degussa Japan Co.. Ltd.: average particle diameter: 20 nm; BET specific surface area- 
100m 2 /g) 

Pigment I: Basic magnesium carbonate (trade name: Kinsei; produced by Kamishima Kagaku K.K.; 

average particle diameter: 5.9 /im; BET specific surface area: 26 m 2 /g) 
Results of the above evaluation are shown together in Table 13. 

Comparative Example 11 

«jU a " eX ! mPl9 f ° r maki " 9 """P 3 "' 80 " with conventionally known recording mediums, a comparative 

L« fnLTw !T ° btained in the S3me manner 33 in ^P' 6 1 7 exce P l ,hat P'Q'nent used therein 
was . replaced with finely powdered silica (trade name: Rnesil X-37; produced by Tokuyama Soda Co.. Ltd.- 
average particle diameter: 2.5 ,.m; BET specific surface area: 260 nWg) 
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Table 12 



Mi *~ Color reproduction ran ge 
ing M r ~ 

ratio Hue Chroma Hue Chroma 



10 


Comparative 


Example 










4 


10/0 


358 • 


73 


32' 


74 




5 


8/2 


358' 


71 


31* 


72 


1S 


Example: 












17 


7/3 


358" 


70 


30* 


70 


so 


18 


5/5 


358' 


69 


30* 


68 




19 


3/7 


358* 


68 


30* 


66 




20 


2/8 


358° 


67 


30* 


63 


25 


Comparative 


Example: 










6 


0/10 


358* 


62 


29* 


54 
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Table 12 (to be continued) 



Mix- Image storage stability 

ing OD(Bk) Bk C R G Bl 

ratio AE* AE* AE* AE* AE* 

Comparative Example: 

4 10/0 1.38 15.4 25.6 13.5 18.0 23.8 

5 8/2 1.36 9.3 21.7 12.0 15.0 19.8 
Example: 



17 


7/3 


1.34 


2.5 


5.7 


2.5 


4.0 


5.9 


18 


5/5 


1.32 


2.0 


4.4 


2.3 


3.6 


5.5 


19 


3/7 


1.30 


1.7 


3.7 


2.2 


3.0 


4.8 


20 


2/8 


1.28 


1.6 


3.6 


1.5 


2.5 


4.0 



Comparative Example: 



6 0/10 1.24 1.6 3.4 2.0 2.4 2.6 
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Table 13 



Mix- Color reproduction range 
in 9 M R — 



ratio Hue Chroma Hue Chroma 
Comparative Example: 

7 10/0 358* 71 32° 76 
Example : 

21 7/3 358' 68 30* 72 

22 2/8 358' 67 30' 68 
Comparative Example: 

8 0/10 358' 59 29* 57 

9 10/0 359* 74 32* 75 
Example: 

23 7/3 358* 70 31* 71 

24 2/8 358* 67 29* 64 
Comparative Example: 

10 0/10 356* 60 29° 52 

11 Silica 0' 72 30° 74 
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Table 13 (to be continued) 



to 



Mix- Image storage stability 

ing OD(Bk) Bk C R G Bl 

ratio AE* AE* AE* AE* AE* 

Comparative Example: 

7 10/0 1.35 21.7 30.5 15.0 17.0 25.5 
Example: 

21 7/3 1.32 3.8 6.0 2.6 4.1 6.0 

22 2/8 1.25 2.5 4.3 1.4 2.0 4.0 
so Comparative Example: 

8 0/10 1.20 2.3 4.2 1.5 3.0 3.4 



is 



25 



30 



35 



9 10/0 1.16 12.3 20.5 10.0 13.0 18.3 
Example : 

23 7/3 1.37 1.9 4.3 1.5 2.0 3.7 

24 2/8 1.25 1.4 2.9 1.3 1.8 3.3 
Comparative Example: 

11 0/10 1.15 1.1 2.6 1.3 1.8 3.0 

12 Silica 1.45 35.4 42.0 19.5 23.0 32.4 



m JL « i md f' Um f0f ' nNet recordin 9 has an ink-receiving layer comprising spherical basic 
Ca ^? nat8 - T am ° rph0US ™9nesium carbonate or a mixture of aluminum oxide and base 

■SET « „ The reC ° rding medium promises a 9°° d stora 9« stabi% of recorded images ie^ 
less deter.orat.on due to indoor color changes, together with a high image density 9 

is Claims 

1. A recording medium comprising a spherical basic magnesium carbonate. 

50 2 " ftm°2? e «h! iUm I aCC r ,3in9 t0 Cl8im 11 Wh9r9in ~" spherical basic ^gnesium carbonate has a 

* ft7 * » * 10 — - ™* - is represented by a 

55 

4 " mediUm ff° rdln9 t0 C,alm 1t Wherein said sphericaI basic magnesium carbonate has a 

specific surface area of from 10 m 2 /g to 170 m 2 /g. 
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Group A: Silo, aluminum o»de. aluminum silicate, calcium carbonate, ami calcium silicate. 

a A recording medium according to Claim 7. wherein said spherical basic magnesium carbonate fl) and 
sa,d porous morganic pigment (...) are contained in a proportion of (.,/(...) of from S!1o S 

is 9. A recording medium according to Claim 1 . which further comprises a dye fixing agent. 

10. A recording medium according to Claim 1. which comprises a substrate and an ink-receiv-.no laver 
proton sal* substrate; said deceiving layer containing said spheric" ST^SK 



11. A recording medium according to Claim 10. wherein said ink-receiving layer contains a binder. 

12 " ts^s^jsssi to Claim w r erein *** sphericai basic ma9nes,um » — 

saia oinaer (IV) are contained in a proportion of (l)/(IV) of from 10/1 to 1/4. 

■ 25 

13> lbS n f„ m ! diUm COm ! >riSin9 3 SUbStra,e wilh ,iqukl ^Pf' 0 " P^^es and. provided on said 
substrate, an .nk-rece.v.ng layer containing a spherical basic magnesium carbonate. 

14. A recording medium according to Claim 13. wherein said spherical basic magnesium carbonate has a 

1& ^ssrro^L i r" 8 ^^ m ^^ te « 



35 



Group A: Silica, aluminum oxide, aluminum silicate, calcium carbonate, and calcium silicate. 

18 ' s A aid oiolnum ^ ^ll 9 1? * Wherein •* Spherical ^ ™9nesium carbonate (I) and 

^ sa.d p.gment (II) represented by the group A are contained in a proportion of (l)/(ll) of from 9/1 to 1/5. 

19. A recording medium according to Claim 13. which further comprises a porous inorganic pigment having 

not more ,han 1/3 of the avera " partcl ° «™»< * - — ' 

so 20. A recording medium according to Claim 19. wherein said spherical basic magnesium carbonate (I) and 
sa.d porous .norgan.c pigment (III) are contained in a proportion of (iy(lll) of from 9/1 to 1/5. 

21. A recording medium according to Claim 13. which further comprises a dye fixing agent. 

55 2Z ;:ss:;r n9 to c,aim ,3, wherein part of the surface of s * d substra, « is ~ ed 

23. A recording medium according to Claim 13. wherein said ink-receiving layer contains a binder. 

28 
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24. A recording medium according to Claim 23, wherein said spherical basic magnesium carbonate (I) and 
said binder (IV) are contained in a proportion of (!)/(! V) of from 10/1 to 1/4. 

25. A recording medium comprising an amorphous magnesium carbonate. 

5 

26. A recording medium according to Claim 25, wherein said amorphous magnesium carbonate has an 
average particle diameter of from 0.5 pm to 20 ^m. 

27. A recording medium according to Claim 25, wherein said amorphous magnesium carbonate has a 
w specific surface area of from 10 m 2 /g to 1 70 m*/g. 

28. A recording medium according to Claim 25, which further comprises at least one of pigments 
represented by the following group A. 

Group A Silica, aluminum oxide, aluminum silicate, calcium carbonate, and calcium silicate. 

75 

29. A recording medium according to Claim 28. wherein said amorphous magnesium carbonate (I) and said 
pigment (II) represented by the group A are contained In a proportion of (l)/(ll) of from 9/1 to 1/5. 

30. A recording medium according to Claim 25, which further comprises a porous inorganic pigment having 
20 an average particle diameter of not more than 1/3 of the average particle diameter of said amorphous 

magnesium carbonate. 

31. A recording medium according to Claim 30. wherein said amorphous magnesium carbonate (I) and said 
porous inorganic pigment (III) are contained in a proportion (l)/(lll) of from 9/1 to 1/5. 



25 



30 



32. A recording medium according to Claim 25. which further comprises a dye fixing agent. 

3a A recording medium according to Claim 25. which comprises a substrate and an ink-receiving layer 
provided on said substrate; said ink-receiving layer containing said amorphous magnesium carbonate. 

34. A recording medium according to Claim 33, wherein said ink-receiving layer contains a binder. 

35. A recording medium according to Claim 34, wherein said amorphous magnesium carbonate (I) and said 
binder (IV) are contained in a proportion of (l)/(IV) of from 10/1 to 1/4. 

35 

36. A recording medium comprising a substrate with liquid absorption properties and. provided on said 
substrate, an ink-receiving layer containing an amorphous magnesium carbonate. 

37. A recording medium according to Claim 36. wherein said amorphous magnesium carbonate has an 
40 average particle diameter of from 0.5 M m to 20 pm. 

38. A recording medium according to Claim 36. wherein said amorphous magnesium carbonate has a 
specific surface area of from 10 m 2 /g to 170 m 2 /g. 

45 39. A recording medium according to Claim 36, which further comprises at least one of pigments 
represented by the following group A 

Group A: Silica, aluminum oxide, aluminum silicate, calcium carbonate, and calcium silicate. 

40. A recording medium according to Claim 39, wherein said amorphous magnesium carbonate (I) and said 
so pigment (II) represented by the group A are contained in a proportion of (1)/(1 1) of from 9/1 to 1/5. 

41. A recording medium according to Claim 36, which further comprises a porous inorganic pigment having 
an average particle diameter of not more than 1/3 of the average particle diameter of said amorphous 
magnesium carbonate. 

55 

42. A recording medium according to Claim 41, wherein said amorphous magnesium carbonate (I) and said 
porous inorganic pigment (III) are contained in a proportion of (l)/(lll) of from 9/1 to 1/5. 
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43 A recording medium according to Claim 36. which further comprises a dye fixing agent. 

^ ISSftEXSF t0 C ' aim * Wherei " ^ ° f - "»» - - — i - —red 

5 

45. A recording medium according ,o Claim 36. therein said MnreeeMng laye, , ^ 

m * w^ssskss^s sirs — • • - - 

52. A recording medium according to Claim 47. which further comprises a dye fixing agent 

64. A recording medium according to Or*. 47. wherein said ink-receiving layer contains a bind.,. 

55. A recording medium according to Claim 54. wherein said cask: magnesium carbonate (VH and 
» ajcmrnom ,„do <v> and aaid hinder (IV) are contented in a proportion Jw ^^TJl^, 

" aub^ate'lnTn^r."""^* 9 * SUbS,^ " , "* S,u " 1 ab!0 ^ on WO"*" P^ded on said 

S9 - isassrjs?? • *• — - ~ ~ «- . ***** 

so 

^ 61. A recording medium according to Claim 56. which fatter comprises a dye lining agent 

61 izsszszzz?' M c " ,m * M pm * - ^ - - — » — — 



30 



EP 0 436 230 A1 



63. A recording medium according to Claim 56, wherein said ink-receiving layer contains a binder. 

64. A recording medium according to Claim 56. wherein said basic magnesium carbonate (VI) and 
aluminum oxide (V) and said binder (IV) are contained in a proportion of (V) + (Viy(IV) of from 10/1 to 

5 1/4. 

65. An ink-jet recording method comprising imparting ink droplets to a recording medium comprising a 
spherical basic magnesium carbonate. 

io 66. An ink-jet recording method according to Claim 65. wherein said spherical basic magnesium carbonate 
has a form that is spherical in the range of 0.7 S b/a £ 1.0 when the major axis thereof is represented 
by a and the minor axis thereof by b. 

67. An ink-jet recording method according to Claim 65. wherein said spherical basic magnesium carbonate 
75 has an average particle diameter of from 0.5 *»m to 20 /im. 

68. An ink-jet recording method according to Claim 65. wherein said spherical basic magnesium carbonate 
has a specific surface area of from 10 m 2 /g to 170 m 2 /g. 

20 69. An ink-jet recording method according to Claim 65. wherein said recording medium further comprises 
at least one of pigments represented by the following group A. 

Group A: Silica, aluminum oxide, aluminum silicate, calcium carbonate, and calcium silicate. 

70. An ink-jet recording method according to Claim 69. wherein said spherical basic magnesium carbonate 
- 25 (I) and said pigment (II) represented by the group A are contained in a proportion of (iy{ll) of from 9/1 

to 1/5. 

71. An ink-jet recording method according to Claim 65, wherein said recording medium further comprises a 
porous inorganic pigment having an average particle diameter of not more than 1/3 of the average 

30 particle diameter of said spherical basic magnesium carbonate. 

72. An ink-jet recording method according to Claim 71 , wherein said spherical baste magnesium carbonate 
(I) and said porous inorganic pigment (III) are contained in a proportion of (l)/(III) of from 9/1 to 1/5. 

as 73, An ink-jet recording method according to Claim 65, wherein said recording medium further comprises a 
dye fixing agent 

74. An ink-jet recording method according to Claim 65, wherein said recording medium comprises a 
substrate and an ink-receiving layer provided on said substrate; said ink-receiving layer containing said 

40 spherical basic magnesium carbonate. 

75, An ink-jet recording method according to Claim 74, wherein said substrate is a substrate with liquid 
absorption properties. 

45 76. An ink-jet recording method according to Claim 74, wherein part of the surface of said substrate is 
uncovered with said ink-receiving layer. 

77. An ink-jet recording method according to Claim 74. wherein said ink-receiving layer contains a binder. 

so 78. An ink-jet recording method according to Claim 77, wherein said spherical basic magnesium carbonate 
(I) and said binder (IV) are contained in a proportion of (l)/(IV) of from 10/1 to 1/4. 

79. An ink-jet recording method according to Claim 65, wherein said ink droplets are imparted to said 
recording medium by ejecting an ink from a nozzle by causing heat energy to act on the ink. 

55 

80. An ink-jet recording method comprising imparting ink droplets to a recording medium comprising an 
amorphous magnesium carbonate. 
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to 



20 



81. An ink-jet recording method according to Claim 80. wherein said amorphous magnesium carbonate has 
an average particle diameter of from 0.5 ,m to 20 „m. magnesium caroonate nas 

TJH!£ reC ? ding met ?? d aCC0fdin9 l ° C ' aim 801 Whereih said """orphous magnesium carbonate has 
a specific surface area of from 10 m 2 /g to 170 m 2 /g. 

83. An ink-jet recording method according to Claim 80. wherein said recording medium further comprises 
at least one of pigments represented by the following group A 

Group A: Silica, aluminum oxide, aluminum silicate, calcium carbonate, and calcium silicate. 

£jt !? reCOrdin / { J n method accordi "9 to C,aim 83. herein said amorphous magnesium carbonate (I) 
and said pigment 01) represented by the group A are contained In a proportion of (l)/(ll) of from 9/1 to 

rs 8S. An ink-jet recording method according to Claim 80. wherein said recording medium further comprises a 
porous inorganic pigment having an average particle diameter of not more than 1/3 of the average 
particle diameter of said amorphous magnesium carbonate. 

86. An 'ink-jet recording method according to Claim 85. wherein said amorphous magnesium carbonate (I) 
and said porous inorganic pigment (III) are contained in a proportion of (lyflll) of from 9/1 to 1/5. 

87. An ink-jet recording method according to Claim 80. wherein said recording medium further comprises a 
dye fixing agent. 

-25 8a An Jnk-jet recording method according to Claim 80. wherein said recording medium comprises a 
substrate and an ink-receiving layer provided on said substrate: said ink-receiving layer containing said 
amorphous magnesium carbonate. 

89. An ink-jet recording method according to Claim 88. wherein said substrate is a substrate with liquid 
ao absorption properties. 

90. An ink-jet recording method according to Claim 89. wherein part of the surface of said substrate is 
uncovered with said ink-receiving layer. 

35 91. An ink-jet recording method according to Claim 88. wherein said ink-receiving layer contains a binder. 

92. An ink-jet recording method according to Claim 91, wherein said amorphous magnesium carbonate (I) 
and said binder (IV) are contained in a proportion of (l)/(IV) of from 1071 to 1/4. 

40 93. An ink-jet recording method according to Ciaim 80. wherein said ink droplets are imparted to said 
recording medium by ejecting an ink from a nozzle by causing heat energy to act on the ink. 

94. An ink-jet recording method comprising imparting ink droplets to a recording medium comprising an 
aluminum ox.de (V) and a basic magnesium carbonate (VI) contained in a proportion of (V)/(VI) of from 

45 1 /5 to 3/1 . 

95. An ink-jet recording method according to Claim 94, wherein said aluminum oxide has a specific surface 
area of from 40 m 2 /g to 200 m 2 /g. 

so 96. An ink-jet recording method according to Claim 94, wherein said aluminum oxide has an average 
particle diameter of from 1 nm to 10 pm. 

97. An ink-jet recording method according to Claim 94, wherein said basic magnesium carbonate has a 
specific surface area of from 10 m 2 /g to 170 m 2 /g. 

55 

9a An ink-jet recording method according to Claim 94. wherein said basic magnesium carbonate has an 
average particle diameter of from 1 ^m to 20 ^m. 
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2£ ^enf " 9 aCCOrdi " 9 t0 C,aim 94, wherein said recordin 9 medium comprises a 

100. An ink-jet recording method according to Claim 94. wherein said recording medium comprises a 
substrate and an ink-receiving layer provided on said substrate; said ink-receiving layer containing said 
basic magnesium carbonate and said aluminum oxide. * 

101. An ink-jet recording method according to Claim 100, wherein said substrate is a substrate with liquid 
absorption properties. 

102. An ink-Jet recording method according to Claim 101. wherein part of the surface of said substrate is 
uncovered with said ink-receiving layer. 

103. An ink-jet recording method according to Claim 100. wherein said ink-receiving layer contains a binder. 

104. An ink-jet recording method according to Claim 103. wherein said basic magnesium carbonate (VI) and 
aluminum oxide (V) and said binder (IV) are contained in a proportion of <V)+(VI)/<IV) of from 10/1 to 

105. AJ1 ink-jet recording method according to Claim 94, wherein said ink droplets are imparted to said 
recording medium by ejecting an ink from a nozzle by causing heat energy to act on the ink. 
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FIG. IB 
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FIG. 3B 
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FIG. U 
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